Uses, Abuses, and Future of Great Lakes Modeling: Report of the Modeling Task Force, February, 1986, Windsor, Ontario by Great Lakes Science Advisory Board. Modeling Task Force
University of Windsor 
Scholarship at UWindsor 
International Joint Commission (IJC) Digital 
Archive International Joint Commission 
1986-02-01 
Uses, Abuses, and Future of Great Lakes Modeling: Report of the 
Modeling Task Force, February, 1986, Windsor, Ontario 
Great Lakes Science Advisory Board. Modeling Task Force 
Follow this and additional works at: https://scholar.uwindsor.ca/ijcarchive 
Recommended Citation 
Great Lakes Science Advisory Board. Modeling Task Force (1986). Uses, Abuses, and Future of Great 
Lakes Modeling: Report of the Modeling Task Force, February, 1986, Windsor, Ontario. International Joint 
Commission (IJC) Digital Archive. https://scholar.uwindsor.ca/ijcarchive/355 
This Report is brought to you for free and open access by the International Joint Commission at Scholarship at 
UWindsor. It has been accepted for inclusion in International Joint Commission (IJC) Digital Archive by an 
























Great Lakes Science Advisory Board























































































































































































































































































































































































































































































































Conceptua1ization of the Research Management Process
List of Tables
Summary of Principa] Characteristics of Severa1






This report has been prepared by a Task Force established to examine the
past, present, and future roles of mathematical models applied to research and
management of the Great Lakes environment. In recent years, considerable effort
has been devoted to developing models; indeed, the state of the art of modeling
the Great Lakes is advanced compared to the modeling of most other water
resources in the world. Looking to the future, there is a growing acceptance
that proper management of the Great Lakes will require a holistic “ecosystem
approach" in which the numerous chemical, physical, biological and social
components and their interactions are identified. Accordingly, it will be
demanded that management decisions be made with a full knowledge of all
implications involved. Mathematical models which give quantitative and
integrated representations of complex real world systems may be the only way
by which ecosystems can be understood and by which the ecosystem approach can
be effectively implemented.
A spectrum of opinion now exists about Great Lakes modeling (as well as
modeling in general), ranging from disappointment and cynicism to enthusiasm
and optimism. Part of the reason for these differences of opinion is that
communication between model builders and model users has not always been as
good as it should be. However, Great Lakes modeling is now entering a phase
of greater maturity in which expectations are more tempered and realistic.
Scientists now generally accept that the modeling process itself produces
valuable information and insight, even if a model does not prove directly
useful for actual management. In an age where computer literacy is becoming
commonplace, the value of modeling is likely to be more universally realized.
The major types of Great Lakes models that have been developed and
their role in guiding Great Lakes management are discussed in this report.
In Appendix B an update of a previously published inventory of many of the
most relevant models is presented. An assessment of the models inventoried
indicates a major thrust in Great Lakes modeling has been the development of
water quality models applied to eutrophication. However, because water
quality efforts have been increasingly devoted to toxic chemicals such as PCBs
and heavy metals, there has recently been a shift in focus to toxic substance
modeling. The development of such models is immature but is deserving of high
priority from a research needs standpoint. Other types of models that have
been used for scientific and management purposes are hydrodynamic and
circulation/transport models, fisheries models and nonpoint source models.
Despite the often successful use of models in Great Lakes management,
models may be abused if their limitations are not fully appreciated. These
limitations include the simplifying assumptions modelers must make in order
to avoid making their models unnecessarily complex. Themodeler must thus
exercise judgement about which processes should and should not be included,
  
and these judgements can contribute to uncertainty in output. Other
limitations include the lack, poor quality, or natural variability of the
data that are used in the model. Whenever possible, these uncertainties
I should be clearly specified using quantitative uncertainty analysis techniques.
In addition to specifying uncertainly, a model should be validated for
application to a specific situation. Ideally, validation is a threeastep
process. Models should first be calibrated (adjusted so the model output
agrees with observed data), then verified (output is compared to an
independent set of field data), and, finally, models should be subjected
to a post—audit (the actual response of a system over time is compared to
the response predicted). In environmental modeling, there have been few
instances in which all three steps, especially the post~audit step, have
been used in the validation process. However, over the next several years
there will be an excellent opportunity to conduct post—audits of those models
that were so important to the Great Lakes nutrient reduction program, a
program whose size and environmental significance is unmatched anywhere in the
world. A careful bilateral research study and evaluation of how the lakes
responded to the control program would not only allow these models to be used
with greater understanding in the future as a result of a post—audit, but
would provide directions for future ecosystem management worldwide. It could
also go a long way to lending credibility to the modeling process itself —
assuming model predictions were substantiated.
Another aspect of modeling that needs attention is the transfer of
technology from modeler to user. Improving the transfer process would
contribute to better appreciation by the user of the uncertainties and
limitations inherent in a given model. It is essential that models be well
documented and that opportunities be provided for potential users to receive
training in the use of selected models. It is also valuable if users can
become more involved in the actual development of models.
One new approach to technology transfer is the use of personal computers
and user—friendly software. For the Great Lakes (or Great Lakes Basin) model
user, a model that can be run on a personal computer (or can interface with a
large computer) allows intimate involvement in the process. For instance,
using a model directly, a manager might quickly determine the possible effects
of alternative management decisions. A major resistance to the use of models
— the lack of control and the feeling of not being part of the process - may
consequently be overcome by using personal computer technology. Thus, the
design of predictive models so they can be run on personal computers is likely
to be a major activity in the years ahead.
Overall, mathematical modeling has and will continue to play a very
important role in Great Lakes management and scientific development.
Specifically, the modeling activities likely to have the greatest payoff in
the near future are: l) development of toxic substance models applicable to
the myriad of xenobiotic chemicals which have been identified in the Great
lakes; 2) post~auditing and improvement of eutrophication models;
3) construction of hydro«dynamic models of water level and flow changes that
will result fromdiversion or climatic change; 4) development of fisheries
models related to stocking strategies and water quality/fish yield links;
(Vi)
 5) the use of models to optimize strategies for surveillance, monitoring and
research; and 6) the use of the modeling process to identify research needs.
Although not likely to have near—term practical application, the development
of ecosystem models integrating the many physical, chemical, biological,
economic and even social processes which influence the condition of the Great
Lakes is a worthy, long range research goal.
To be certain, mathematical models have not and will not replace
scientific insight and common sense in decision making. However, they are
firmly established as an integral part of the research/management process.
When used with an awareness of their limitations, models are sure to be a








































































































































































































































































































































One of the most important recent trends in modeling which
should be continued is the development of quantitative
estimates of model output uncertainty. Even for a single,
clearly defined, water quality goal, there are often
several potential management schemes or models which can be
used, and the choice among these programs or models is not
always clear. However, uncertainty analysis provides a
rational basis for cost—benefit or risk assessment
decisions, and further research in this area is strongly
recommended.
The factors which potentially limit the use of Great Lakes
models should always be recognized and accounted for by the
user. These factors include: l) the models' inherent
conceptual limitations; 2) the inordinate data requirements
of some models; 3) the inability to fully validate some
models; and 4) the possible lack of quantitative measures
of model output uncertainty.
Long—term research on how to integrate existing models into
more general packages should be encouraged and funded. For
example, current toxic substances modelsmight be integrated
with water circulation and transport models to simulate, and
thus predict, the distribution and fate of these substances.
The integration of simple water quality models with
relevant economics models is also recommended. Such models
would be useful for assessing the economic implications of
ecological management programs in the Great Lakes Basin.
However, while research on the integration of specialized
models and the development of multi-faceted ecosystem
models is recommended, it is cautioned that large and
complicated models are not likely to have near-term
practical payoffs since the uncertainties associated with
such models tend to be large and difficult to define.
Great Lakes model development, like Great Lakes ecosystem
research, is a long-term endeavor that will be best served
by a continuity of support. This is not to say that
short—term results will not have important impacts, but
long—term commitment will likely result in the greatest
return for the research and development investment. While
the building of new model structures is encouraged, greater
support for maintaining and/or refining existing models is
also strongly recommended.
Although a Science Advisory Board sponsored modeling
workshop is not recommended at this time, the need for
such a workshop should be reconsidered in several years.
A modeling task force should be established at that time,
not only to consider a workshop but also to update the



















































































































































































































































1) provide an overview of Great Lakes modeling activities;
2) evaluate the role models have played in management and
surveillance;
3) recommend means to improve the verification and validation
of models; and


















workshop on the role of modeling in research and management.



































































































































































































development, and the general limitations of models. Priority attention is
given to toxic contaminants and eutrophication, given the prominence of these





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 models may represent large systems such as Lake Superior or relatively small
systems, such as a reach of the Niagara River. Perhaps more important than
the physical size of the system is the number of components represented in the
model. The most effective models are often the simplest, or at least those
designed to produce desired outputs with minimum input data. As noted by
Rodgers (1978), however, a desire for realism and robustness in a model often
leads planners and managers away from simpler models into unnecessarily
complex ones.
The terminology used by modelers can be confusing to a non—modeler, and
can even inhibit the actual use of models. 0n the other hand such terminOIOQy
is necessary in order to allow modelers and non—modelers alike to converse
precisely about model specification. Therefore, some terms that frequently
arise in the modeling literature, and which are used in this report, are
briefly defined below.
l. Model Variables — Components or terms of mathematical
equations that may vary depending on the situation or
application.
2. Coefficients (sometimes called constants) - Unlike model
variables, coefficients are components of equations
(models) with fixed values that do not change.
3. Inputs and Outputs — Model inputs are the values that must
be entered into the model before it can be used to create
outputs or predictions. For example, a model whose output
is average annual total phosphorus concentration in Lake
Michigan would require the annual total phosphorus load to
the lake as one necessary input.
4. Simulation Model — Simulation models are a type of model
that describes in detail the operation and behavior of a
system over time; they are often used totest the effect of
alternative inputs or courses of action (as in alternative
strategies to solve a pollution problem).
5. Optimization Model — An optimization model is a type of
model that prescribes what plan or series of actions can
most efficiently achieve a desired objective (an objective
might be least cost or greatest impact of a particular
water management plan).
6. Deterministic Model — A model whose equations reflect
actual mathematical representations of physical, chemical
and biological mechanisms. In other words in deterministic
models the results are uniquely determined by the model
equations and the input data.
7. Stochastic Model — Input and results of the model are given
as a range of probable numbers, accounting for the fact
that certain events, such as rainfall, occur randomly.
 
 8. Empirical Model - Empirical models are typically developed
from statistical fits of data, rather than from theoretical
principles. They are most frequently developed from simple
or multiple linear regression analysis, and can be used to
predict the response of a dependent variable to changes in
one or more independent variables.
9. Model Validation - The overall process used to determine
model credibility. Model validation best consists of a
three stage process (as recommended by Thomann, 1982):
calibration, verification, and post—audit.
10. Model Calibration — This first stage of model validation
involves "tuning" a model (adjusting coefficients) so that
model output best agrees with observed data.
ll. Model Verification - A second stage of model validation,
whereby output from a calibrated model is compared against
actual field data, preferably independently and under
conditions that differ considerably from those used in the
calibration.
12.
Model Post-Audit — Third stage of model validation, whereby
the actual response of a system to events is compared with
the response predicted by a model.
13. Model Accuracy — Generally used to refer to how well a
model duplicates actual observations. Importantly, the
accuracy needed will vary with the application; a model may
be valid or credible for some applications even though its
accuracy is less than perfect.
14.
Segments — Segments are spatial subdivisions of the
system.
Their boundaries





degree of precision desired by the model user.
15.
Initial Conditions — The magnitude of the model variables
at the start of the calculation (1.9. time = 0).
l6.
Boundary Conditions
- Boundary conditions are the value of
the model
variables which
are used to describe the
conditions which exist at the spatial edges
of the model.
For example, a model of Lake Huron would require defined
boundary conditions at the Straits of Mackinac and at the
St. Clair River.
PROCESS OF MODELING
Perhaps almost as important as
the actual model
results is the overall
modeling process.




does not prove to be of use for actual management.
 
 As an example, much of the fundamental Great Lakes data has been gathered




of modeling can be roughly divided into five phases (after
Jeffers, 1978):
l) problem definition;




testing (calibration and verification);
and
5) model implementation and final testing.
In the definition phase,
the system to be modeled as well as the types
of
management actions or impacts must be defined.


































































Perhaps most important, the links
between components leading to the desired
outputs must also be hypothesized.
During the construction phase






















(based on expert judgment)
to adequately define some parts of the model.
The construction of a model
is an
iterative process with constant review and
assessment of





























modeler and the user(s) involved.
Model
calibration and verification are used to further refine and to




first adjustment of model
coefficients.
Sensitivity analysis
is often conducted as part of the calibration
process as an elementary way
to determine how uncertainties among relationships among components or the
numerical
values assigned to terms


















quantitative measures of model
credibility,
particulary error analysis,
should be part of model development.
Such quantitative measures will be discussed
































This is a particularly important but often
overlooked step and will
be discussed
later in this report.
Last, the third






are particularly important to establish the credibility
of Great Lakes models
so they can be reapplied or used in new management






although billions of dollars have been spent on
a Great Lakes phosphorus
control program which was based,















Note also that model
credibility
is enhanced through peer review (in journals
or other publications),
and this can be during any phase of the process.
It should
also be realized that the modeling process











into the research/management process.















































Conceptua11zation of the Research/Management Process
   
DATA ‘ RESEARCH
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 II. Uses ofGreat LakesModels













l) organize existing knowledge and data;




















of systems and the consequences of change;





















































































































































































































































How long would it be before PCB concentrations in lake
trout reach the new U.S. Food and Drug Administration limit
of 2 mg/kg if loadings were reduced to zero today?
How long will "in-place" toxic pollutants remain as a
source of contamination under natural conditions?
Where is the optimal location of a new water intake in Lake
Huron?
What will be the impact on water quality of constructing a
waste disposal island in the Detroit River and how can the
design of the island be optimized?
When will the mirex contaminated sediments in the southern
third of Lake Ontario be rendered harmless by natural
processes?
How can the water levels of the Great Lakes be best managed
to the satisfaction of power, navigation, shoreline
property owner, and recreation interests?
What would be the impact on fish production of increasing
the amount of water diverted at Chicago?
What are the relative importance of atmospheric deposition
and volatilization in determining the fate of toxic organic
substances in the Great Lakes?
What are the relative importance of settling and
resuspension to the dynamics and fate of toxic substances
in the Great Lakes?
What is the optimal sampling design for assessing
eutrophication in the Great Lakes or for establishing the
average concentration of PBCs in lake trout inhabiting the
lakes?
What is the impact of current salmonid management practices
on the forage base and ultimately on the sport fishery?
EXAMPLES OF EXTENSIVELY APPLIED MODELS
Probably the most prominent example of model use for management decisions
was in the renegotiation of the United States—Canada Great Lakes Water Quality
The 1972 Water Quality Agreement between the United States
and Canada called for total phosphorus concentrations in all major point
source discharges in the Lake Erie and Lake Ontario watersheds to be limited
However, the l978 Agreement contains specific phosphorus loading
These objectives, which are a unique approach to managing such a
large resource,








In developing the phosphorus objectives, a bilateral technical Task Group
used five mathematical models for the major Great Lakes basins to estimate
lake responses to changes in the phosphorus loads. Two of the models used
were the Vollenweider (1976) phosphorus loading/chlorophyll a model and the
Chapra (1977) dynamic phosphorus loading model, both of which are relatively
simple models based on empirical (observed) relationships. The other three
models (Thomann et a1. 1975; DiToro and Connolly, 1980; and Bierman et a1.
1980) were complex ecosystem models utilizing a series of differential
equations describing basic limnological processes. These complex models
account for and trace a number of variables throughout the system. All five
of the above models, when supplied with the same input data, were found to be
consistent in their general predictions. The fact that the models were
independently derived and were based on conceptually different approaches
instilled confidence in the predictions, and, in fact, led to the inclusion
of phosphorus loading objectives in the 1978 Water Quality Agreement that
were largely based on the model results. Thus, models have had a very major
influence on the multi—billion dollar Great Lakes phosphorus control program.
Other examples of whole lake models that have extensive management applications
include the use of an atmospheric transport model to estimate sulfate loadings
to the Great Lakes (Denison and Fleming, 1977) and operational oil spill models
that are used in pollution emergencies (Simons et a1. 1975; Pickett, 1980).
Models have also been used for important site—specific Great Lakes
management. In a major litigation case involving the pollution of PCBs in
Waukegan Harbor, models were used to project the movement of PCBs out of the
harbor into Lake Michigan and also to project the resultant impact on Lake
Michigan biota (Paul, 1981). In Saginaw Bay (Lake Huron), the re-siting of a
water intake to avoid taste and odor problems, which would have cost millions
of dollars, was averted using information gained through a Saginaw Bay
eutrophication model (Bierman et a1. 1980). A chloride model was used to help
formulate decisions on the advisability of building a large steel plant which
would discharge large quantities of chloride along the shores of southern Lake
Michigan (Sonzogni et a1. 1983). In western Lake Erie, a model of recirculation
was used to minimize loss of larval fish caused by their entrainment in the
intakes of power plant cooling systems (Paul and Patterson, 1977). In the
St. Lawrence region near Lake Chambly, a water quality model (Simons and Lam,
1980) was used to predict changes in phosphorus levels due to river diversions
required by hydroelectric usage. More recently, a statistical model
(El-Shaarawi and Esterby, 1984) was used to assess the contaminant levels at
different locations along the Niagara River (Niagara River Toxics Committee,
1984).
On a different scale, a model has been used to evaluate how growths of
Cladophora, a nuisance attached alga which causes great economic loss along
Great Lakes shorelines, could be controlled (Canale et a1. 1982).
Simulating growths of Cladophora at localized sites along Lake Huron under
various environmental conditions, the model highlighted the economic tradeoffs
between phosphorus removal from small wastewater sources and piping the
effluent to a site where it would not effect growth of the alga. The model
thus enabled the community with the problem to identify management options



































































































































































































































































































































































































































































































































































































































































































































































































































































However, the state—of-the-art in this area has advanced now to incorporate
vertical water movements, as well as time—dependent circulation in both the
central lake and nearshore zones. Recent interest in modeling nearshore
circulation and transport is particularly significant.
One type of circulation transport model, the heat dispersion model (used
to predict temperature distributions in waters receiving heated effluent
discharges) has been well—developed. However, recent model development in
this area has waned as concern over thermal pollution has decreased.
Hydrodynamic models are often used in conjunction with water quality
models. In fact, the integration of separate models into an overall modeling
package has become an important trend overall. It is likely that future
ecosystem models will be a series of separate models that are mathematically
integrated.
Models of Toxic Chemicals
Although the number of toxic chemical models has increased over the last
several years, toxic substances continue to be the area in greatest need of
model development. One of the primary reasons for this lacuna is a lack of
quantitative information on toxic chemical inputs to the lakes (as mentioned
previously, this lack has prompted some basic research). A lack of empirical
data for model calibration and verification further compounds the problem.
There is an obvious need for increased research in developing modeling
techniques and data acquisition systems to assist in broadening our under—
standing of the effects of toxic inputs to the Great Lakes. The development
of toxic substances models will undoubtedly benefit and build upon models
already developed for water quality and circulation/transport.
Nonpoint Source Models
Several models of land runoff quality and quantity have been developed and
used to assess nonpoint source pollution loadings from rural and urban land.
Their appliction to the Great Lakes has increased as the relative importance
of nonpoint sources has become recognized.
In generating output, models of land runoff sometimes rely upon detailed
information concerning the physical and chemical characteristics of a given
watershed. Input data generally include predominant land use and soil types,
topography, rainfall, snowmelt, temperature and land management practices.
These models can be used to predict runoff quantity and quality over very
short time intervals (every 15 minutes) or over relatively long periods
(average annual conditions). Alternately, relatively simple models designed
to be used directly by planners to make decisions about nonpoint source
controls have been developed for the Great Lakes Basin. It should also be
mentioned that a variety of nonpoint source models that have been developed




Most fisheries models to date have dealt with evaluating the effect of
alternative fish stocking and harvesting programs.
Such models are of great
importance, because the sports fishery program is a multi-million dollar
endeavor.
However, little effort has gone into linking the fisheries with
other management aspects, such as toxic substances or eutrophication control.
This linkage is particularly important from an ecosystem management
perspective.
Part of the reason for the sparse activity has been the lack of
basic information and data needed to develop such models.
More model
development in this area is likely to occur in the near future.
One notable exception to the above has been in the area of bioenergetics
modeling (a type of model
based on the flow of energy between different tophic
levels).
Bioenergetics modeling has provided some useful
insights into the




III. Limits toModels and Model Applications
Despite the unquestionable value of models to Great Lakes management and
planning, models do have limitations.
When used inappropriately or without a
knowledge of their limitations, models can lead to misdirected conclusions or
approaches. However, as concluded in the recent Great Lakes Environmental
Planning Study conducted by the Great Lakes Basin Commission (Heidtke et a1.
1981), when models are "used in combination with sound judgment and an
understanding of their appropriate applications, (they) provide a powerful
means of assessing the cumulative effects of alternate management decisions.“
Accordingly, it is important to fully comprehend the limitations of any model
before using it.
Overall, there are four factors that limit the use of models:
(1) conceptual simplification, (2) inadequate or inappropriate data, (3) lack
of complete validation, and (4) lack of quantitative measures of uncertainty.
Each of these factors is discussed below. In addition, the user's role in
minimizing inappropriate use of models is discussed.
CONCEPTUAL SIMPLIFICATION
Model—making should be subject to the rule of parsimony. Even in
elaborate or complex models only a limited number of features of a system
can be considered, requiring averaging or lumping of many factors. Therefore
models are, by nature, conceptually incomplete. The selection of model
variables will depend on the nature of the problem as well as the experience
and judgment of the modeler, since model development requires decisions to
be made regarding model complexity, cost, ease of use, data requirements,
and so forth. The final model design is based on compromises or tradeoffs.
To illustrate the effect of parsimony, consider that a model of lake trout
population dynamics in Lake Huron is unlikely to deal with the intricacies
of nutrient uptake by several functionally-distinct classes of algae. Yet,
nutrient uptake ultimately does have an effect on lake trout populations,
albeit an indirect and probably small one. Nevertheless, the necessity to
limit the size of models means that they will necessarily distort the real
world or give an imperfect representation of the system.
Intuitively, the important features which exert the major influence
over target features probably have been included in most Great Lakes models.
However, given that the spatial and structural bounding of a model is
subjective, the user must consider conceptual simplification in models.
It is also possible that models may be conceptually incomplete not because
of an error in judgment of the modeler, but rather because of a lack of
scientific understanding. For example, an important relationship between
water quality and fish may be left out of a model simply because that
relationship is not known or understood, rather than due to poor judgment by
the modeler. For whatever the reason, however, conceptual incompleteness




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































process or sensitivity analysis conducted to assess the importance of the


























































needs, long-term savings can be achieved. The following list of concerns
should be considered when designing multipurpose sampling programs, such as












































































































































































































































































































l. Which analytical methods are to be used? Methods should be
chosen which are sufficiently sensitive and precise to
provide good estimates of the variables being studied.
Furthermore, consistent analytical methodology is essential
if long—term data are to be properly used and interpreted.
Shapiro and Swain (l983) have made this point with regard
to recent controversies concerning long—term trends in
dissolved silica in Lake Michigan.
2. What will be the extent of temporal and spatial sampling?
How many samples will be taken how often at how many
sites? Is the sampling to be seasonal, or year—around?
3. Will the sampling pattern be systematic, random, or
systematic with a random start?
4. Where the influx of a substance (9.9. PCB) is to be
measured, what method should be used tocombine streamflow
measurements and concentration data?
5. If many factors are being studied at once, should the
surveys be synoptic in order to allow the study of
instantaneous relationships?
6. What proportion of total effort resources should go toward
observation of model variables versus rate measurements?
Despite the need for more high quality data, data collection is limited
by available funding. This problem is not easily solved. Nevertheless, to
more cost—effectively utilize available funds, data aquisition programs in the
future should consider the needs of modeling. Basic data should be collected
so new models can be developed, as well as data needed to verify or conduct
verification or post—audit studies.
VALIDATION
In very fewcases have Great Lakes predictive models been subjected to
the rigorous three step validation program explained earlier: l) calibration,
2) verification, and 3) post—audit. It is often impossible or impractical to
conduct all of these steps. Consequently, users must be aware of this
limitation.
In model calibration a possible limitation is that the results of using
different coefficient values may not give unique outputs. Also, different
sets of coefficients may fit data equally well but may lead to quite different
model predictions. One other point is that the variation and random nature of
model inputs, such as temperature, light, and flow, will often give different
results depending on how the values foreach input are calculated. In any
case users must be aware that a model that is "calibrated" is not necessarily
valid for any purpose other than that for which it was calibrated.
19
 As noted earlier, model verification is achieved when the model output
compares favorably with a data set independent from that used during model
calibration. In the case of complex deterministic models, this is an imposing
.task. In theory, thepredictions of the model should be compared at all
appropriate levels with different data obtained from real systems. However,
this is rarely done in practice, and in some cases all or part of the data
set used in the model calibration phase is used in the verification step as
well; such a procedure is not proper verification. In the final analysis it
is crucial that independent sets of data be used to check model output. Once
this has been done, quantitative methods can be used to examine the fit
between the predicted and observed data (Thomann, l982).
Verification of empirical models is in many ways more tractible because
these models are simpler and only attempt to correlate a small set of
variables of interest. One method involves the subdivision of the data
set into two equal groups. A model is used to assess each subset, and the
outputs are then compared statistically. If there is no significant
difference between the results, then the model is considered to have some
credance. The data can then be recombined and re-analyzed as a whole to
provide a better prediction (Reckhow and Chapra, l983).
An alternative verification procedure is a cross validation in which n—l
cases of the data set are used to calibrate and the remaining case is used to
verify the model. This procedure is repeated successively until every case
has been used as the verifying case. If goodness of fit criteria suggest that
the verification is consistently successful, then all the data are used in the
final model run. Reckhow and Chapra (l983) note that model and parameter
errors are probably both better characterized using this procedure than with
the two subsets approach discussed above.
No matter what the structure, it is important to realize that good
verification statistics do not necessarily guarantee that any model will
accurately predict future water quality (Thomann, l982). Some uncertainty
will always remain which arises from the coefficients of the model, the model
variables, and the model structure itself (Simons and Lam, l980). Therefore,
Great Lakes models should be subjected to post—audits in which their
predictions are tested with data from the actual results of environmental
control programs or other management actions. Unfortunately, post-audits
rarely occur. Only recently has there been some activity in this phase of
validation (DiToro and Winfield, l984).
An example of where a post—audit would be extremely valuable involves the
Great Lakes phosphorus control program. As mentioned previously, one of the
key uses of models in the Great Lakes has been to develop phosphorus loading
control strategies. Now that phosphorus controls are largely in place, it
follows that the response of the lakes to the phosphorus input reduction
should be measured and compared to model predictions. Since large sums have
been spent in the United States and Canada in what is undoubtedly the largest
eutrophication control effort in the world, it would seem prudent to closely




post—audits on the models used to help develop the program. Such a process
might uncover new knowledge that could lead to adjustments in the current
program or could help shape future strategies in the Great Lakes and
elsewhere. A relatively small investment in a well—coordinated, multi—
national post—audit could conceivably save millions of dollars in the future.
Such a study is also likely to have many scientific and technical spinoffs
that will help advance our understanding of the Great Lakes ecosystem.
UNCERTAINTY
As can be inferred from the foregoing discussion, questions such as
"how good is the model?“ involve judgment. What is "reasonable" or "good" to
one may not be so to another. Therefore, there is a need to have quantitative
measures of the accuracy and precision of models.
Measures of model performance, such as regression analysis between
predicted and actual or observed values, mean square errors, and comparisons
of means, have been reviewed recently by Thomann (l982). He notes that recent
increases in the complexity of water resources issues and the complexity of
models being developed have required the use of such statistical techniques
to evaluate results.
Including uncertainty analysis in the modeling process provides
quantitative measures for model users to evaluate the accuracy of models.
It also allows users, as described by Thomann, to: l) better compare models,
2) provide a means to evaluate whether new models improve model performance,
and 3) to stimulate modelers themselves to improve their model performance.
On the other hand, Thomann (1982) warns that measuring model performance
could have drawbacks. There may be a tendency to “curve fit" models to data
to get better statistics. Also, good model performance does not guarantee
the ability of such a model to predict the future. Furthermore, statistical
information, although very useful, should supplement, not replace, informed
judgment. Overall, however, such drawbacks do not outweigh the advantages of
using quantitative measures of model precision and accuracy.
The uncertainty in model performance reflects not only model structure,
but also uncertainty in the numerical representation of the input variables
and constants of the model. Generally, environmental data sets consist of a
range of values for any given parameter. Limitations of sampling, natural
variability, and measurement error contribute to uncertainty. For example, in
lake models using phosphorus loading as an input variable, phosphorus loading
estimates will be affected by the enormous samplingproblems and the difficulty
in measuring low levels of phosphorus. In addition, the phosphorus load varies
naturally from year to year. Ideally, the uncertainty of the values used in
models is reflected in model results. Techniques such as Monte Carlo analysis
can be used todevelop this information. Reckhow and Chapra (1983) and Chapra
and Reckhow (1983) have documented various ways to quantify the effects of



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































More important, however, is the recognition that a model is only suitable when
it is applied to lakes that have characteristics in common with those used in
its calibration. For example, some simple, empirical phosphorus models, such
as the one by Dillon and Rigler (l974) are explicitly formulated such that the
spring turnover total phosphorus concentrations are used to predict average
summer chlorophyll a. The Dillon and Rigler model was designed, however, to
be used only when the spring total nitrogen: total phosphorus ratio exceeds
l2:l by weight; the error that can result from the indiscriminate use of their
model is stressed by Smith and Shapiro (l98l) and Smith (1982).
Taking the Dillon and Rigler model again as an example, one should
note that this model implicitly assumes that the spring total phosphorus
concentration is a good indicator of the amount of phosphorus that will be
available for algal growth during the summer. This assumption is not always
satisfied, however. It can be shown (Prepas and Trew, l983; Nurnberg, 1984)
that in many systems the summer total phosphorus concentration can increase
significantly over spring levels. Similarly, the presence of particulate
phosphorus in suspended sediments (Hoyer and Jones, 1983; Bierman et a1. 1984)
can also confound the relationship between total phosphorus and chlorophyll.
Both factors increase the uncertainy of predictions of summer phytoplankton
biomass, and it should thus be recognized that the model output can be taken
only as an estimate of the lake's true response.
One additional (and very disconcerting) aspect of models is that users
often place more trust in predictions of the models than is actually warranted.
A model provides convenient output values which are seductively simple; only
rarely is the model output accompanied by a statement of uncertainty or error.
Thus, it is common for users to believe that a model provides more information
about a system or problem than exists in reality. Accordingly, it should
always be recognized that a model output can be taken only as an estimate of
the system's true response.
Since unwary users may be misled by information apparently provided by
models, potential users should, whenever possible, be involved at the model
development stage. Users should specify the issues or questions that they are
attempting to resolve through the modeling process, and development should
only proceed after question refinement involving both user and modeler. The
precise definition of problems will ensure that modeler and user alike under—
stand what is to be expected and will also permit subsequent evaluation of
the validity of model projections. Refinement of models would include the
description of additional data needs and/or environmental processes affecting
the predicted output parameters as well as changes to (or complete re—writing
of) the simulation model itself.
    
  
IV. Technology Transfer
As models are developed, calibrated, and verified, their credibility and
utility to management increases. At some point in the modeling process, their
computer programs must be documented and user manuals prepared. However, the
question always remains on how best to transfer models to users who may not
be familiar with their limitations. Thus far there has been little success
in “turning over“ models to managers or other users. Particularly for the
Great Lakes where the levels of complexity are great and where scientific
uncertainty remains high, there is a need to maintain qualified modeling
experts ready to assist managers or management organizations, or at the least
to develop or revise models so they are user oriented. Most modelers are
willing to respond to specific management requests and to become involved with
model applications but are concerned that unsupervised use of models could
result in incorrect conclusions being drawn. Indeed, it would be ideal to
have a model‘s originator(s) available when the model is run. However, such
a practice is often not possible and usually not practical.
One new approach to technology transfer is the use of personal computers
and the development of user—friendly modeling software. A model that can be
run on a personal computer allows intimate involvement in the modeling
process. For example, using a model directly, a planner or manager could
quickly ascertain the effect of a decision. Such a person could optimize a
solution by trial—and—error evaluations undertaken in a real—time mode.
Consequently, a major resistance to the use of models - the lack of control
and the feeling of not being part of the process - can be overcome by using
personal computer technology. For the future, the design of predictive models
so they can be run on personal computers is likely to be a major activity.
DOCUMENTATION
All models, if they are to be useful to persons other than the originator,
should be documented. Unfortunately, there has been a shortage of well
documented models, in the sense of having both a detailed explanation embedded
in the program listing and a separate but self-contained user's manual. The
reluctance on the part of the modeler to fully document models is partly due
to the extra effort involved (sometimes even greater than the programming
itself) and partly due to the fact that it is difficult to write a user's
manual that can be easily understood by an audience whose expertise is likely
to vary widely and which may be unknown to the modeler.
If the model is meant to be used, however, it is an inescapable respon—
sibility for the modeler to document the model. A good strategy to begin with
is to separate the potential users into at least two categories: those who
have some modeling knowledge and those who do not. For the first category,
it may be necessary to label those areas in the computer program that should


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































shoreline recedes. Many of these water quantity and quality issues, such as
where and how many diversions should take place (if at all), pose a new future
challenge to modelers.
ECOSYSTEH APPROACH
As expressed by the Science Advisory Board and reiterated many times by
the International Joint Commission, proper and effective management of the
Great Lakes requires an understanding of the total ecosystem, including the
diverse interactions that occur within its components. These components



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Administration, Ann Arbor, Michigan.
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and universities. There is a need for better communication between those
working on the development of various models and related research and the
users of these models.
The Modeling Task Force will provide a focal point for the exchange of ,
information, data, and solutions to problems relating to modeling of the









































T. To provide an overview of Great Lakes models relevant to
ecosystem management, considering data requirements,
input/output variables, spatial and temporal applicability,
major assumptions, limitations, unique features and actual
applications.
2. To evaluate the usefulness of models:
— for planning surveillance activities; and
— as management tools for Great Lakes ecosystem assessment.
3. To recommend quantitative measures for modelers to use in
verification efforts, with specific emphasis on




















initial priority to needs related to validation and
usefulness of models.
39
 5. At the discretion of the Task Force and with the approval
of the Science Advisory Board, to organize a symposium or
workshop on Great Lakes modeling research and application.
This workshop will address the above research areas and may
include new areas uncovered by the Task Force.
MEMBERSHIP
The Task Force membership will consist of representatives from the
governments, universities and the private sector who will contribute one or
more of the following to the effort:
- knowledge of mathematical modeling, including statistical,
deterministic and process modeling;
- knowledge of the Great Lakes, especially of pollutant
loadings and “in—lake“ concentrations; andv
- experience in the utilization of modeling results for
management purposes.
SCHEDULE
The Task Force will follow the schedule outlined below in order to
accomplish the above objectives:
First Meeting — May 1983
Progress Report to the Science Advisory Board — September l983
Symposium/Workshop - May 1984
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 APPENDIX 8
UPDATE 0F INVENTORY OF GREAT LAKES MATHEMATICAL MODELS
The foliowing inventory updates an inventory
prepared by Heidtke (1979) which is on file
at the Internationa] Joint Comission's Great
Lakes Regional Office. Models categorized in
the prior inventory are not Tisted here.
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and A.S. Fraser, hydraulics and winds, solar DO
NWRI, cc1w, radiation, temperature,
















Dissolved Oxygen Model (4) temperature, water levels concentrations cruise

















Production Model transports, temperatures, production step
solar radiation rates, integration













































































































































































































































































































































































































































































































































































































































































































































































































































 WATER QUALITY MODELS (Continued)
Model and Principal Input Data Principal Out-
Investigator Requirements put Variables Projections
Simons' 3—Dimentional Nutrient loadings, lake Nurtrient Daily time
Water Quality Model hydrodynamics and transports, concentrations, step
(Lake Ontario) solar radiation, horizontal phytoplankton, integration
and vertical mixing zooplankton to 1 yr.
T. J. Simons, coefficients
NWRI, CCIW,
Burlington, Ontario
Lake Erie Model Morphometry, hydraulics, Phytoplankton, Daily time
(LEM3) (7) nutrient loadings, including algal—available step
immediately—available and P, autochthonus integration
D. K. Salisbury, ultimately—available P, P, and
J. V. DePinto, and biochemical kinetics, available
T. C. Young, temperature, solar and unavailable
Clarkson University radiation, and wind allochthonus P
Lake Michigan Morphometry, hydraulics, Phytoplankton Daily time
(MICHI) Model (8) nutrient concentrations and zooplankton, step























Three ecological models (Thomann's Lake 1
Model, Scavia's NOAA Model, and Simons
and Lam's Phosphorus Model) have been
used as the ecological component in this
model. In all cases, the 3-D approach
does not improve over the l—box
whole—lake approach, if the lakewide
concentration is the target of
simulation. However, if the nearshore
effects are to be examined, this 3—D
model gives better results for phosphorus
compartments in all three cases than










LEM3 is a modified version
of LAKEl (DiToro and
Connolly, l980).
was not re—calibrated.
Verification to l970 (CCIw
and U.S. EPA) and l975
(CLEAR and GLL) data.
Present application:
modified phosphorus dynamics
are being used for evaluation
of nonpoint source P
management scenarios.
LEM3 offers separate representation of
allochthonus and autochthonus particulate
phosphorus kinetics and transport.












analysis of the effect of
ice cover on phosphorus
transport and assessment of
IJC loading recommendations.
Does not model near—shore responses.
Represents phosphorus recycle resulting
from phytoplankton decompositon and

































































































































































































































































































































































Lake Huron data collected
near Harbor Beach, Michigan.
Verification: l980 data
collected at the same site
after 85% P loading





This model was designed to predict the
spatial and temporal distribution of
Cladophora in the nearshore zone near
point source nutrientdischarge.
The model can be used to evaluate the














Inexpensive desk—top model, very useful to
resource managers for modeling
conservative substances. Article includes
updated chloride loading estimates.
Application: prediction
of trophic status change
resulting from reduction



































































































































































































































effect of waste diversion
and land treatment for
Muskegon Lake, Michigan.
Calibration and verification
to background conditions data
from 7/1/1981, 1/13/1981,
and 8/14/81 and to
storm data from 7/27—30/1981
and 9/16—18/1981.
Application: used with two
other interactive models for
the evaluation of numerous
CSO control alternatives
including combined sewer
separation and central swirl
treatment.
This model is a convenient lake management
tool which requires limited water quality
data and provides an estimation of
expected summer in—lake conditions on
which to base management decisions for
phosphorus control.
Based on Thomann (1972) model, this model
is appropriate for analyzing water quality






to storm data from
7/21—30/1981 to 9/16—18/1981.
Application: used with two
other interactive models for
the evaluation of numerous
CSO control alternatives
including combined sewer
separation and central swirl
treatment.
Applicable only to zero- and first—order







Application: the model was
used to determine treated
industrial wastewater
limitations (NPDES) required
to protect water quality.
This model is based on the AUTOQUAL water
quality model. The model was refined to
include dispersion. The model framework
includes Black River, Lorain Harbor and a





























































































































































































































































































(O'Brien and Gere Eng.)
data.
The AUTOOUAL model framework was used,
however, this one—dimensional, steady
state framework does not adequately
represent the observed Spatial and
temporal variations in water quality
concentrations for these Lakes Ontario
tributaries.
Calibrated and verified at
a site on Lake Huron.
2-Dimensional
Applied to Rochester


























































and Monte Carlo simulation
analysis were applied to a
mass—balance phosphorus
model for Lake Ontario.
first—order and Monte Carlo methods of



























Series Model for Great
Lakes (SLIS) (20)








































































































































































Applied to chloride and
sodium.
Each lake is completing mixed over annual







































































































given existing kinetic subroutines (WASPB)
can be applied to given problems.
Calibration to l974—76 data
on Saginaw Bay -
Average concentration in homogenous
segments. Phytoplankton split in 5
2—Dimensional









WATER QUALITY MODELS (Continued)
Model and Principal Input Data Principal Out—
Investigator Requirements put Variables Projections
Smith Photosynthesis TP loadings, lake mean depth, Epilimnetic Summer
Model (24) flushing rate, epilimnetic volumetric average
TP, TN rates of daily rates
V. H. Smith, photosynthesis
McGill University
Smith Nitrogen-Phosphorus Epilimnetic TP, TN Epilimnetic Summer
—Chlorophyll Model (25) chlorophyll average
V. H. Smith,
McGill University
Schnoor and O'Connor TP loading, lake mean depth, TP Daily
Phosphorus Loading volume, flushing rate, concentrations,
Model (26) coefficients for algal growth, algal P
mineralization, and sinking, concentrations,
J. L. Schnoor, rates of photosynthesis dissolved P,
University of Iowa; chlorophyll
D. J. O'Connor,
Manhattan College
Kalff and Knoechel Epilimnetic TP Epilimnetic Summer
Phosphorus—Algal total algal average





Chapra Embayment P TP loadings, hydraulic inputs, Critical TP Long term
Model (28) bay mean depth, volume loading rates average
5. C. Chapra,
Texas A&M University
Modified Chapra P TP loadings, lake mean depth, TP Long term














Developed from 58 north
temperate lakes.
Developed from 228 northern
Empirical model, use only if summer TNrTP




Whole—lake Calibration for Lake Lyndon The authors claim that this model has
B. Johnson, Texas; applied relative advantages over the Vollenweider
to Lake Ontario. and Dillon and Rigler approaches.
Whole—lake Developed from 28 northern Empirical model.
latitude lakes.
Embayments Developed for Saginaw Bay, Demonstrates the importance of turbulent
Lake Huron. transport in embayment models.








 WATER QUALITY MODELS (Continued)
Model and Principal Input Data Principal Out-
Investigator Requirements put Variables Projections
U.S. OECD P Loading TP loading, lake mean depth, TP Long term
Model (30) hydraulic residence time concentrations, average
chlorophyll,
R. A. Jones, and Secchi depth,
G. F. Lee, hypolimnetic





Canfield and Bachmann TP loading, lake mean depth, TP Long term
Loading Model for flushing rate concentrations average
Natural Lakes (3i)




Nurnberg P Retention Areal water loading rate Phosphorus Annual
Models (32) retention, average
internal P
G. K. Nurnberg, loading rate
McGill University
Bachmann Total N N loading, lake mean depth, TN Long term
Model (33) flushing rate concentrations average
R. w. Bachmann,
Iowa State University
Hanson and Peters TP concentrations, lake Zooplankton Annual
Zooplankton and surface area, maximum depth and profundal average
Profundal Macrobenthos macrobenthos
Biomass Models (34) biomass






Spatial Calibration/ Major Assumptions/
Dimensionality Verification/Application Limitations/Unique Features
Whole—lake Developed from U.S. lakes Empirical model.
and reservoirs; applied to
Lakes Huron, Ontario, Erie,
Michigan, and Superior; also
Lake Mjosa, Norway.
Whole—lake Developed from 704 natural Empirical model.
lakes in National
Eutrophication Survey.
Whole—lake Developed from North Empirical model, can be used topredict P
American and European lakes. concentration in lakes having significant
release of P from anaerobic sediments.
Whole—lake Developed from 248 National Empirical model.
Eutrophication Survey lakes.
Whole—lake Developed from 80 lakes Empirical model, restricted to lakes
worldwide. with pH >5.5.
59
  
















































































































































































































































































































































































































































































































































































































































































































































































































Developed from OECD study
lakes, including data from
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Thermocline Model (4) extinction coefficients, temperature
wind profile
D.L.C. Lam, and averaged for
w. M. Schertzer, a lake basin














































General Transport Current speed and direction Concentration Seconds—days
Model - GTM (6) from GHM of selected
substances and













Calibrated and verified with
current meter and chloride
data from Lake Superior
in 1973.
For both fully mixed and stratified
seasons, thermal structures are not
predicted but must be input, wind stress
coefficient is based on nonlinear
interaction between wind and waves.
2—Dimensional
Calibrated and verified with
rhodamine B dye patch and
plume data obtained from
diffusion experiments in
Lakes Huron and Erie,
applied to the definition
of the limited—use—zone.
A hierachy of analytical, finite
difference and finite element models
whose complexity is chosen for
different coastal zone conditions and
assumptions such as steady—state
plumes, Fickian diffusivity and
length—scale diffusivity.
l—Dimensional
Calibrated and verified with
l6 years of temperature data
from Central and Eastern




Finite element model (l—D) using variable,
nonlinear vertical eddy diffusivity
based on Richardson's number, Brunt-Vasala
frequency and bottom turbulence, assumes
that temperature is homogeneous
horizontally through areal averaging in
the column. Median percentile relative
error is 10% to l5% based on comparison
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stream ecosystems for l3
chemicals, used in Great






sediments of Lake Ontario.
Same as EXAMS. No wind driven




the importance of resuspension





























































V. J. Bierman, Jr.,
U.S. EPA,
Narragansett, Rhode Island
Toxic Substances Model Various lake parameters, Contaminant Year—to-year
for the Great Lakes contaminant parameters, concentrations and
and solids parameters in water steady—state










NOAA, water and and sediments








Flow, volume of water column
and of sediments, sediment
surface area, PCB loads,
suspended solids concentration,
PCB kinetics derived from
















Flow, volume, mean depth,
past PCB concentrations in















   
Spatial Calibration/ Major Assumptions/
Dimensionality Verification/Application Limitations/Unique Features
Well—mixed Developed simulation of Ignores within year variations, patterned
lake 239Pu in Lake Michigan after simple mass balance models used for





The model was intended to be used for
one water calibrated to scientific re—evaluation of Lake Michigan system
column and one literature data and supported response as scientific knowledge of PCB
sediment by historical simulation of a loading, kinetics and transport improved.
segment pollutant with similar solid
partitioning characteristics.
Application: analysis of
lake response to a range of
PCB loads and kinetic
assumptions.
Whole—lake Calibration: l972—l980. Assumes historical PCB concentrations in
Bloater Club PCB Residue
Concentration Data.
Application: historical mass
loading trend analysis and
forecast of PCB concentration
in water column and fish in
Lake Michigan for PCB loading
scenarios.
fish are proportional to concurrent PCB
concentrations in the water column. Model
enables investigator to infer historic














PCB Fate Model for




Flow, volume of water column
and of sediments, sediment
surface area, PCB loads, sus-
pended solids concentrations,
PCB kinetics derived from










PBB Fate Model for Pine




Flow, volume of water column
and of sediments, sediment
surface area, PBB loads,
suspended solids concen—
trations, PBB kinetics derived
from solids mass balance,
partition coefficients,






Saginaw Bay PCB Model
(12)














of Toxic Substances in
the Great Lakes (l3)

















PCB in Lake Michigan
Food Chain (14)



























column and fish PCB data.
Application: forecasts of




The model does not represent mechanistic
biological processes. The model is
applicable for long—term sediment, water







Calibration to very limited
water column (l9l4, 80—81)
and to limited sediment
(1974, 76, 77, ST) PBB data.
Application: forecasts of
water column and sediments
response to load elimination.
The model is applicable for long-term
sediment and water column responses to
management alternatives.
2—Dimensional Application: analysis of the
biological degradation of
PCBs concerning the fate and
distribution of PCBs in water
bodies.
The model uses biological degradation of
PCBs in the sediments based on laboratory
and in situ decay rate studies of two
species of sediment bacteria. This mass












Model assumes major mechanisms affecting
the chemical fate of toxic substances are
known and that all sorption—desorption
reactions are instantaneous, linear, and
reversible.
Assess the effect of reduced
PCB concentrations on lake
trout.
Phytoplankton assumed to be in dynamic
equilibrium with water column dissolved
PCB, one of the few models to deal with
relationship between fish and toxics.
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Model of PCB Mixtures
Aroclor 1242 and l260 loads
Total PCB,
Time—scale










U.S. EPA, coefficients for 3 solid tracer.
Grosse Ile, Michigan types in water column and Solids
sediment volatilization for —fine sediment
each mixture, wind speed, —clay

















































R. B. Ambrose, Jr.,
U.S. EPA,
Athens, Georgia















Spatial Calibration/ Major Assumptions/
Dimensionality Verification/Application Limitations/Unique Features
2—Dimensional, Calibration to l979 PCB, Equilibrium kinetics resuspensions
19 segments solids, and chloride data. calibrated to wind and solids data,
5 water longevity of Aroclor l242, 1260,
l4 sediment and other PCBs.
l, 2 or Applied to Lake Michigan System can be represented by a number of
3-Dimensional and all Great Lakes. homogenous segments. Equilibrium
kinetics.
3—Dimensional Applied to Lake Michigan
and James Estuary.
Completely University of Windsor Completely mixed time and space averaged.





 TOXIC SUBSTANCES MODELS (Continued)
 
Model and Principal Input Data Principal Out—
Investigator Requirements put Variables Projections
Saginaw Bay Metals Model Loads of solids and metals of Concentrations Daily to
(SBM) (19) interest, partition of metals of decades
coefficients interest
D. M. Dolan, and
V. J. Bierman, Jr.,
U.S. EPA,
Grosse Ile, Michigan
Tritium Spill Model Spill amount, ambient current, Tritium Hourly




TOXFATE (21) Physical—chemical properties, Concentrations Output con—
rate constants, loadings, in biota, fish, centrations
E. Halfon, sediment resuspension, flow, sediment as a function








Spatial Calibration/ Major Assumptions/
Dimensionality Verification/Application Limitations/Unique Features
5 water Applied to Zn, Cu, Pb and Equilibrium kinetics for metals — solids.




Calibrated with Lake Ontario,
Pickering data.
Detailed current field generated by
objective analysis method. Radionuclides
travel with heated discharge from






River data. Verified for 9
toxic contaminants in Lake
Ontario. Validated by
blindly predicting the fate
of 4 chlorobenzenes in 1983
using l979—1983 loading
data from the Niagara River
to Lake Ontario and
concentration data collected
in Lake Ontario.
Model developed specifically for large
lakes. Ignores within year variations.
The model is applicable for water and
biota responses to management
alternatives, it quantifies lake
self—cleaning ability.
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Model and Principal Input Data Principal Out—
Investigator Requirements put Variables Projections
Hanson and Leggetty TP concentrations, lake Fish yield, Annual
Fish Biomass and mean depth, macrobenthos fish standing average
Yield Models (1) standing crop crop
J. M. Hanson, and
N. C. Leggett,
McGill University
Sea Lamprey Parameters related to food Growth in Seasonal
Energetics Model (2) consumption, respiration, length or dynamics
egestion, and excretion weight of sea
J. F. Kitchell, lampreys,




Lake Trout Model (3) Annual mean planting density Number of lake Annual
of lake trout trout netted average
A. H. Lawrie, per 3048m
Ontario Ministry of (l0,000 ft)
Natural Resources, of gill net
Maple, Ontario
Lee and Jones Fish TP loading, lake mean depth, Fish yield Annual
Yield Model (4) hydraulic retention time average




Matuszek Fish Benthic fauna standing crop Maximum Annual




































































Northern Lake Huron, Lake consumption and impact of feeding on host
Michigan, and Lake Superior. fishes by sea lamprey during the parasite
phase.
‘ Whole—lake Developed from Lake Superior Empirical model, demonstrates the success
spring fish assessment of lake trout planting as a means to
nettings. replenish stocks in Lake Superior.
Whole—lake Developed from l8 north Empirical model.
latitude lakes.






Model and Principal Input Data Principal Out-
Investigator Requirements put Variables Projections
Oglesby Fish Yield Summer mean chlorophyll a Annual average Annual
Model (6) concentrations fish yield average
R. T. Oglesby,
Cornell University
Morphoedaphic Index (7) Total dissolved solids Fish yield Annual
concentrations, lake mean (all species) average










Walleye Population Initial density and age Annual Yearly
Model (8) structure, spring rate of commercial dynamics of
temperature increase catch (kg) walleye





Morphoedaphic Index (9) Total dissolved solids Fish yield Annual













Whole—lake Developed from l9 lakes Empirical model.
worldwide.





Applied to Western Lake
Erie.
Simulation model, based on empirical
relationships linking growth to population
density, and linking recruitment to
breeding stock size and spring water
temperature.
Whole—lake
Developed from 72 North
American lakes.
Empirical models, guidelines are presented
for partitioning the total potential fish
yield into individual yields for 7 fish
species.
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fecundity and survival, lake trout dynamics
C. J. Walters, growth. sea lamprey population









 ‘ Spatia] Caiibration/ Major Assumptions/
Dimensionaiity Verification/Appiication Limitations/Unique Features
Whoie—iake Appiied to Lake Michigan. Simulation mode], predicts forage
requirements of existing and future
projected 1ake trout popuiations.
Whoie-iake Appiied to Lake Superior. Simuiation mode], predicts iong—term lake
trout dynamics in reiation to fishing,
stocking, and sea lamprey abundance.
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 NONPOINT SOURCE MODELS
 
Model and Principal Input Data Principal Out—
Investigator Requirements put Variables Projections
Watershed (l) Loads of pollutants from Pollutant load Most cost
different portions of at river mouth effective of
T. J. Monteith, watershed point and
R.A.C. Sullivan, nonpoint
T. M. Heidtke, and control




Cornell Nutrient Precipitation, daylight hours, Runoff, Monthly
Simulation Model (CNS) soil erodibility, topography, sediment water,
(2) cover and farming practices, losses, nutrient and
N & P fertilizer application nitrogen and sediment
L. J. Tubbs, and rates, crop type, temperature phosphorus losses
J. M. Montgomery, losses
Consulting Engineers, (dissolved and




Nonpoint Source Crop type, crop management
Dissolved and
Event—based
Planning Model (3) and treatment practice, soil particulate predictions
type, slope, length and pollutant
D. A. Haith, and gradient, distance to losses
L. J. Tubbs, drainage channel,
Cornell University meteorological data
Contributing Areas Watershed surface geometry, Area of Event—based
Model (4) watershed soils distribution, watershed predictions
precipitation, soil contributing










Applied to Sandusky River
draining into Lake Erie.
A simple accounting system design to
assess stream pollution management
strategies for large areas (>l00 mi.2).
Handbook available as well as FORTRAN
program.
 
Horizontal Authors claim no calibration Can evaluate crop management methods,
transport is needed, tested on 6 New timing of field operations, soil and water
York fields. conservation practices, and timing and
amounts of fertilizer applications but not
manure or crop residue management.
Horizontal Tested on 391 sq. km. Best used to identify approximate
transport Pennsylvania watershed for magnitudes of agricultural nonpoint
35 major storm events over a
l6 month period. Applicable
to Great Lakes management
questions.
pollution, and to evaluate likely





Applied to 42 agricultural
watersheds in east—central
Pennsylvania. Pertinent to
Great Lakes since determining
contributing areas was a
major unresolved question
during IJC's Pollution
from Land Use Activities
Reference Group Study.
Defines the recurrence interval with which
any part of a watershed contributes
runoff, and thus NPS pollution.
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 NONPOINT SOURCE MODELS (Continued)
 
Model and Principal Input Data Principal Out-
Investigator Requirements put Variables Projections
Nonpoint Source Model Precipitation, temperature, Total runoff, 15 minute





























subarea size, phosphorus labile P
C. w. Ogg, buffer curve parameters, losses,
USDA, Washington, D.C.; monetary budgets for each marginal and
H. B. Pionke, crop activity, target P total costs






Loading Function Models Watershed land use, soil Runoff, Event—based
(7) types, daily precipitation, sediment projections
temperature, rainfall losses,
L. L. Dickerhoff- erosivity dissolvedand
Delwiche, particulate N
Clemson University; and P losses
D. A. Haith,
Cornell University !





















Calibrated to ll single land
use watersheds in the
Chesapeake Bay area.
Calibrated NPS loading factors for TN and







authors suggest the model
does not require statistical
calibration in every
watershed. Model likely to
be useful in Great Lakes.
Uses a modified universal soil loss
equation, intended to identify the best
NPS management options attainable with
given budget outlays, also to allocate
pollution control funds efficiently
among watersheds.
Horizontal
Tested on the West Branch











































































surveys of nutrient export
coefficients.
analysis.
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